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Abstract

Extreme weather events are becoming more frequent and severe, disrupting outpatient care and
endangering the health of patients with chronic illness and social vulnerability. Telehealth has the
potential to help health systems build resilience during extreme weather, but evidence linking telehealth
strategies to specific vulnerabilities and impacts remains fragmented. We conducted a scoping review of
14 studies describing telehealth use during extreme weather events. We mapped telehealth strategies to
the system- and patient-level vulnerabilities and impacts they addressed, including chronic disease
management, medication access, acute needs triage, and reaching displaced or homebound patients. In
every study, telehealth was repurposed from existing infrastructure rather than built for disaster
response, functioning as adaptive infrastructure. This mapping identifies actionable pathways for health
systems to build resilience in outpatient care to mitigate health risks posed by extreme weather and
highlights purpose-built disaster telehealth, integrated into formal preparedness planning, as a
significant unmet need.

Introduction

Extreme weather events are increasing in frequency and severity globally’, with growing consequences

for health systems and patient care?. Extreme weather has been associated with emergency department

surges, disruptions in outpatient care, and increased mortality attributable not only to direct injury but

also to interruptions in ongoing medical care®*.

Extreme weather affects health through multiple pathways: direct injury and environmental exposures,
exacerbation of chronic conditions when care or medications are disrupted®, and delayed diagnosis or

treatment for new conditions when practices close or become unreachable®’. The adverse impacts

disproportionately affect patients managing chronic conditions and those in areas with limited access to

care*’8,

As weather-related hazards intensify, health systems are called to build resilience: to prepare for and
adapt to weather disruptions while sustaining access to care®. Continuity of outpatient care can
particularly be supported by telehealth through telephone and video visits and remote clinical workflows
when physical infrastructure is compromised or travel is constrained’?. However, telehealth lacks

systematic integration into both disaster preparedness guidance and durable U.S. healthcare policy'"12.

Disaster preparedness literature distinguishes between vulnerabilities (susceptibility to disaster
consequences) and impacts (resulting experiences and outcomes) as components of risk''4. Although

vulnerabilities and impacts of extreme weather on health risk are documented’>'8, evidence of
telehealth’s effectiveness in addressing these domains related to outpatient care disruptions has not
been systematically synthesized.
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We conducted a scoping review of telehealth use in outpatient settings during extreme weather events
to characterize how telehealth has been used to maintain outpatient care access and to identify
opportunities to align telehealth strategies with specific sources of population health risk.

Results

Search results and study characteristics

Of 1,145 records retrieved, 805 unique records remained after deduplication and underwent screening;
14 met criteria for inclusion. Figure 1 summarizes the study selection process.

Table 1 lists the included studies. Study designs varied, including three case reports, three cross-
sectional studies, three cohort studies, two quasi-experimental studies, two mixed-methods studies, and
one systematic review. Studies were largely conducted in the United States, with nine studies in the Gulf
Coast and U.S. Southeast, two in California, and one in New York. Additionally, one took place in Japan,
and the systematic review'” also included Australia and the South Pacific. Eleven of the 14 studies
included hurricanes, 4 included wildfires, 3 included floods, and 1 included an ice/snowstorm. The study
populations ranged markedly in size, from 194 to 3,700,000 patients or encounters.
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Table 1
Characteristics of Included Studies

Study Study Design Health Care Extreme Scope of
Setting/Location Weather Patients
Event (or Visits,
if
specified)
Vo 2010 18 Case report Academic health  Flood, Single
system, Texas, hurricane facility,
USA 63,000
Radcliff 2018 Cohort Government Hurricane Regional,
19 health system, 254,514
Gulf Coast, USA
Uscher-Pines Cross- Private health Hurricane Regional,
2018 20 sectional system (DTC 2,057

telemedicine),
Gulf Coast, USA

Der- Mixed Government Hurricane Single
Martirosian methods health system, facility,
2019 21 (quantitative New York and 47,107
and New Jersey, USA
qualitative)
Der- Cohort Government Hurricane Single
Martirosian health system, facility,
2020 22 Texas, USA 29,829
Der- Case report Government Hurricanes Regional,
Martirosian health system, 181,451
2020 23 Texas, Florida,
and Puerto Rico,
USA
24 Cross- Government Hurricane Regional,
Grover 2020 sectional health system 194
and private encounters
health system
(DTC

telemedicine),
North Carolina,
USA

Acronyms: DTC = direct-to-consumer, EHR = electronic health record

Telehealth strategies and their targets

Telehealth
technologies
and
strategies

Phone visits,
EHR access,
system
networks,
and
telehealth
protocols

Phone visits

DTC/tele-
urgent care,
system
networks,
video visits

DTC/tele-
urgent care,
phone visits,
system
networks

Home
telehealth,
phone visits,
system
networks

Home
telehealth,
phone visits

DTC/tele-
urgent care,
shelter
telemedicine
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Study

Baek 2021 2°

Friedman 2022
26

Khairat 2022 2/

Miyatake 2022
28

Lokmic-
Tomkins 2023
17

Casey 2025 2°

Ramachandran
2025 30

Study Design

Mixed
methods
(quantitative
and
qualitative)

Observational
quasi-
experimental

Cross-
sectional

Case report

Systematic
review

Cohort

Observational
quasi-
experimental

Health Care
Setting/Location

Private health
system, Texas,
USA

Private health
system,
California, USA

Academic health
system, North
Carolina, USA

Private health
system, Fukui
City, Japan

Healthcare
settings not
described; U.S.
Gulf Coast,
California,
Australia, Timor-
Leste, Pakistan

Private health
system,
California, USA

Government
health system,
Gulf Coast, USA

Telehealth strategies and their targets

Extreme
Weather
Event

Hurricane

Wildfire

Hurricane

Ice/
snowstorm

Flood,
hurricane,
wildfire

Wildfire

Hurricanes

Acronyms: DTC = direct-to-consumer, EHR = electronic health record

Scope of
Patients
(or Visits,
if
specified)

Regional,
557,024

Regional,
108,113

Regional,
10,056
visits

Single
facility, 294

Multiple,
Not
described

Regional,
3,700,000

Regional,
517,247
visits

Telehealth
technologies
and
strategies

EHR access,
patient
portal, phone
visits

DTC/tele-
urgent care,
phone visits

DTC/tele-
urgent care,
phone visits,
video visits

DTC/tele-
urgent care,
phone visits,
telehealth
strategy

DTC/tele-
urgent care,
EHR access,
mobile apps,
wearables

Phone visits,
video visits

Phone visits,
video visits

We identified eleven telehealth technologies and strategies (Table 2) used to address system- and

individual-patient vulnerabilities and impacts. Technologies enabled both synchronous and

asynchronous interactions between the healthcare system and patients. Synchronous and direct

interactions between healthcare providers and patients occurred through phone visits, video visits,

direct-to-consumer (DTC)/tele-urgent care, and shelter telemedicine. Asynchronous or indirect care was

mediated through patient portals, mobile apps, electronic health record (EHR) access, remote
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monitoring, and home telehealth. At the healthcare system level, the review identified systems
communication networks and telehealth strategies.

Table 2

Telehealth technologies and strategies identified in the review

Technology / Strategy
Synchronous technologies

Direct-to-consumer (DTC)
/ tele-urgent care

Electronic health record
(EHR) access

Home telehealth
Phone visit

Shelter telemedicine
Video visit
Asynchronous
technologies

Mobile apps

Patient portal

Wearables

Systems/Strategies

System networks

Telehealth strategy

Definition

On-demand, direct-to-consumer virtual urgent care for low-acuity
needs, often via commercial platforms.

Remote access to the electronic health record to support care
continuity during disruption.

Structured program delivering telehealth and/or monitoring to patients
in the home (VA Home Telehealth in the included VA studies) with
frequent provider review and structured care plan.

Real-time clinical care delivered by telephone (audio only).

Telemedicine services provided to evacuees at disaster/evacuation
shelters; in this review delivered by web application on a tablet.

Real-time clinical care delivered by two-way audio-video.

Smartphone or tablet health applications supporting health
information or care delivery.

Secure online platform for asynchronous patient—provider messaging
and access to records/results.

Wearable devices that can track or monitor user data or provide
tailored alerts.

Inter-facility or regional telehealth communication networks, built-in
fault tolerance, and cross-state-line capacity.

Integration of telehealth with normal services.

Vulnerabilities characterized at the system level included healthcare system capacity and infrastructure
design. At the patient level, we identified age-related and socioeconomic vulnerabilities; a digital divide
stemming from access barriers, limited English proficiency, and inexperience with telehealth technology;
geographic barriers to healthcare access; medical complexity; and social isolation. All of these were
identified as vulnerabilities that telehealth could possibly address and potentially mitigate.

System impacts included care continuity and appointment disruptions, primary care capacity loss,
staffing shortages, medication impacts, facility and clinic closures, emergency medical services
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overwhelm, healthcare system demand, and infrastructure failure. Impacts on patients included acute
medical needs, chronic disease exacerbations, care continuity disruption, medication impacts, and
mental health impacts.

We identified 120 telehealth—vulnerability/impact pairings across the 14 studies; their frequencies are
shown in Fig. 2 and detailed in Supplementary Table 1. Phone visits were the most frequently
documented telehealth intervention, followed by DTC/tele-urgent care and patient portal messaging.
Video visits, shelter telemedicine, and system networks were documented less often, and EHR access,
remote monitoring, and mobile applications were each rarely documented. Synchronous technologies
accounted for most pairings. Few pairings addressed system-level vulnerabilities; the remainder were
distributed across system impacts and individual patient vulnerabilities and impacts.

Example deployments

The following are examples of telehealth use identified in the review, along with how various
technologies and strategies addressed vulnerabilities and impacts.

Phone visits and home telehealth played a key role in sustaining care for patients of a home care clinic in
the February 2018 snowstorm in Fukui City, Japan?®. Although the normally scheduled in-person home
visits were limited by the heavy snowfall, by using phone visits, the clinic was able to triage limited in-
person visits or transfer to emergency services as needed. Phone visits enabled monitoring of stable
patients, medication refills, and rescheduling of in-person visits. Phone visits also played a primary role
in the 2017 Tubbs fire in Northern California?®, where they were found to be more effective than video
visits during infrastructure failures that limited broadband connectivity. Phone visits were also found to
be more equitable, as all patients had access to free phone appointments regardless of insurance.
Patient familiarity with telehealth, via prior phone visits before the fire, was associated with a lower risk
of post-fire emergency room or hospital utilization, and post-fire phone visits were commonly used by
the telehealth-familiar patient group.

During Hurricanes Harvey and Irma, a DTC/tele-urgent care provider offered telemedicine services to

patients via free synchronous video visits that were arranged through a mobile app?°. This technology
addressed healthcare system capacity vulnerabilities and staffing shortages when local providers were
displaced by offering a nationwide workforce to meet visit demand, facilitated by regulatory waivers for
out-of-state doctors. The DTC/tele-urgent care provided continuity of care when facilities and clinics
closed, making up for the loss of primary care capacity, and through triage, was able to minimize
ED/EMS overwhelm. The DTC providers addressed acute medical issues including respiratory illness,
skin problems, and injuries, as well as chronic disease management and medication refills.

The health system patient portal was an important tool when Hurricane Harvey hit the Houston, Texas
area in 20172%°. The patient portal supported continuity of care through asynchronous communication for
medical advice on acute needs (including injuries, floodwater exposure, post-surgical concerns, and
obstetric concerns), management of chronic conditions, and medication-related requests (new
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prescription requests, refills, and replacements). The portal was also useful for automated rescheduling
of appointments due to clinic closures and delays. Providers were also able to perform targeted
outreach to medically complex patients through portal messages.

Notably, in every included study, telehealth was already in place in some form and was then adapted or
expanded in response to the extreme weather event. For example, an existing patient portal was used to
send bulk messages about clinic closures or other disaster-related communications?®. An existing
direct-to-consumer telehealth platform was advertised to patients in a hurricane-affected area with free

sign-up using a hurricane-specific code?.
Reported barriers

Several barriers to telehealth implementation were described in reviewed articles. A recurring theme was
inequitable access: multiple studies noted patient disparities in video visit utilization by race, ethnicity,
age, language proficiency, and a lack of familiarity with telehealth platforms. At the infrastructure level,
telehealth's dependence on functional power and telecommunications was noted as a critical
vulnerability if these systems fail. Workforce readiness represents a parallel gap when providers are not
equipped or trained to deliver care remotely, when support structures do not enable practice from
displacement locations, and when regulatory frameworks exclude cross-state licensing that allows surge
capacity to be deployed rapidly.

Discussion

In this scoping review, we identified a small but growing body of literature describing the use of
telehealth in outpatient healthcare systems during extreme weather events. The findings highlight the
important role of telehealth in extreme weather event response and opportunities to strengthen its
effectiveness and implementation.

Telehealth’s potential in disaster-related health risk reduction depends in part on the vulnerabilities and
impacts it is targeting. Extreme weather events pose risks to outpatient care and population health
through two pathways: vulnerabilities that increase likelihood of service disruption and impacts when an
event occurs. This distinction parallels the disaster risk reduction literature's formulation of risk as a
function of hazard probability, vulnerability, exposure (also called impact), and capacity (also called

resilience)’31431;
Risk = Probability x Vulnerability x Impact / Resilience

This review applies that model to the context of outpatient care, creating a framework for understanding
contributors to population health risk during extreme weather events and how telehealth interventions
might mitigate that risk (Fig. 3).
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In mapping the scoping review findings to this framework, we found that telehealth can build resilience
by mitigating individual and system-level impacts and by addressing individual-level vulnerabilities.
System-level vulnerabilities were rarely identified as addressed through telehealth means, a distribution
that may indicate where telehealth is currently being used to reduce risk, and where it is not. More
broadly, the framework casts telehealth as a resilience mechanism: a means by which a health system
sustains essential care under disruption. How telehealth provides that resilience, whether before, during,
or after an event, depends on the capacities that constitute it.

Health system resilience theory further illuminates telehealth’s role, describing a resilient system as one
able to absorb, adapt to, and transform in response to stressors while sustaining equitable essential
functions3%33: absorptive capacity sustains services during an event, adaptive capacity reorganizes
delivery with available resources around the event, and transformative capacity restructures care delivery
ahead of events to reduce structural vulnerability.

The most consistent finding across this review is that telehealth mitigates health risks posed by extreme
weather by enabling health systems to reorganize existing care delivery infrastructure under stress, a
pattern consistent with adaptive capacity. Telephone and video visits were shown to maintain chronic
disease management for displaced patients; patient portal messaging sustained medication
management when physical access was impossible; and direct-to-consumer platforms originally
designed for minor acute illness were repurposed to address care otherwise made inaccessible due to
road closures, provider displacement, and clinic closures. Critically, the same interventions frequently
addressed both vulnerability and impact simultaneously: telephone-based care reduced the baseline
susceptibility of rural and geographically isolated patients while also limiting the harm of clinic closures
when events occurred, and remote monitoring of medically complex patients reduced structural
vulnerability between events while enabling detection of acute deterioration during them. In each case,
the technology existed before the event; what changed was its application.

While the evidence documents adaptive redeployment effectively, it reveals an absence of purpose-built
disaster telehealth systems, or what health system resilience theory would recognize as transformative
capacity. The most sophisticated pre-event investments, including fault-tolerant network design,
credentialing of out-of-state providers, and integration of telehealth into routine home care, were built for
operational continuity rather than disaster preparedness, making their utility in disasters incidental rather
than intentional. The clinical significance of this gap is suggested by one study in which patients with
pre-existing telehealth familiarity showed lower post-disaster emergency department and inpatient
utilization for ambulatory-care-sensitive conditions than those without prior experience?®. This
association is hypothesis-generating rather than causal, as telehealth-familiar patients may differ
systematically in health status, resources, or technology access, but it is consistent with the possibility
that adaptive redeployment performs better when telehealth capacity is built deliberately before events
occur. Purpose-built systems structured around proactive enrollment of high-risk populations, pre-
designed disaster workflows, and redundant infrastructure represent the most significant unmet need in
the literature, and their absence reflects a broader pattern in the literature, where transformative capacity
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remains the least operationalized and hardest to measure tier of resilience. Purely reactive (absorptive)
deployment was likewise underrepresented: no study documented a health system standing up novel
telehealth capacity in real time during an acute event, and the few emergent uses, portal messaging and
direct-to-consumer triage, still relied on pre-existing technology.

The evidence across this review has direct implications for how health systems should focus their
efforts, which we summarize in Table 3. A common thread runs through them: the value of telehealth for
reducing health risk due to extreme weather events is at present incidental rather than intentional.
Converting it into durable resilience will require deliberate investment before events occur, including
proactive enrollment of high-risk patients, fault-tolerant infrastructure, and regulatory flexibilities made
permanent rather than contingent on emergency waivers. These implementation challenges are not
evenly distributed; the populations most vulnerable to extreme weather events, including rural
communities and medically complex patients, are often the same populations facing the greatest
barriers to digital access, making equity-centered design an essential feature of any telehealth resilience
strategy.

Table 3
Priorities for practice, policy, and research emerging from this review.

Domain Recommendation

Practice and policy

Clinical practice Proactively enroll patients with chronic iliness, geographic isolation, or limited
in-person access, and treat telehealth enrollment as disaster preparedness

Infrastructure Invest in fault-tolerant, cellular-capable telehealth systems

Regulation Make emergency regulatory flexibilities permanent (cross-state licensure,
telephone-visit reimbursement, relaxed prescribing)

Health-system Integrate telehealth into routine care delivery and develop emergency protocols

integration to leverage telehealth in order to maintain access and address urgent needs
during extreme weather events

Research

Study design Advance beyond descriptive, event-specific reports to systematic evaluation of
telehealth as a component of disaster preparedness

Population Map extreme weather probabilities against population vulnerabilities and

targeting potential impacts to identify and target high-risk groups

Outcomes Evaluate patient health outcomes, not only health-system or telehealth
utilization metrics

Scalability and Study how telehealth platforms can be scaled rapidly and equitably during

Equity emergencies

Several considerations temper these findings. The included studies were heterogeneous in design and
setting, limiting the ability to directly compare findings across studies, and offered limited data on
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patient health outcomes. The review may also be subject to publication bias: studies describing
successful telehealth implementation during disasters may be more likely to be published than those
reporting implementation challenges or unsuccessful programs, potentially yielding an overly optimistic
view of telehealth’s role and associated outcomes. In addition, because inclusion required a documented
telehealth component, this review characterizes how telehealth was used rather than how often it was
available, declined, or proved ineffective, and therefore cannot establish telehealth’'s comparative
effectiveness. Together, these constraints highlight the need for more rigorous and geographically
diverse research evaluating telehealth implementation and outcomes during extreme weather events.

Taken together, care disruptions due to extreme weather can exacerbate health risks for vulnerable
populations, and telehealth is a promising strategy to maintain access. Future research should explore
the effectiveness of telehealth interventions in addressing chronic and acute health needs during
extreme events, particularly for patients with complex medical and social circumstances. Aligning
telehealth strategies with the specific risks they address may strengthen health system resilience to
future extreme weather events.

Methods

Protocol

The scoping review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

extension for Scoping Reviews (PRISMA-ScR) guidelines34, with an a priori protocol defining Population-
Concept-Context eligibility criteria, search terms, and analytic approach (Supplementary Appendix).

Eligibility criteria

We included peer-reviewed studies describing the implementation or evaluation of telehealth or remote
care during extreme weather events in outpatient or ambulatory settings. Extreme weather exposures
included hurricanes, floods, wildfires, winter storms, and extreme heat. Studies were excluded if they
lacked a telehealth component, were unrelated to extreme weather, or focused solely on inpatient or
emergency settings. Non-English publications and conference abstracts were excluded.

Search strategy

We searched PubMed/MEDLINE, Embase, and Cochrane Libraries from January 2000 through July 2025,
using controlled vocabulary and keywords related to telehealth and extreme weather, and screened
reference lists of included articles. Records were imported into Covidence systematic review software
and deduplicated.

Screening and data charting

All titles and abstracts underwent dual independent screening by three reviewers (VM, SC, and DZ), and
full texts underwent dual independent review by two reviewers (VM and SC); disagreements were
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resolved by discussion. Consistent with PRISMA-ScR guidance for scoping reviews, we did not perform a
formal critical appraisal of methodological quality or risk of bias.

The review’s domains were specified a priori: data extraction followed a structured charting form,
developed a priori and piloted on five included studies, that captured study characteristics, weather event
type, telehealth modality, implementation context, and system- and patient-level vulnerabilities and
impacts, organized within a disaster-risk framework (Risk = [Probability x Vulnerability x Impact] /
Resilience) adapted from the disaster-risk-reduction and health-system-resilience literatures. All included
studies were charted in a dual independent review by two reviewers (VM and SC).

Data synthesis

Within these a priori domains, the specific subcategories of telehealth strategies, vulnerabilities, and
impacts were derived inductively from the included studies, with Al assistance, and refined by the study
team (see Supplementary Appendix).

A large language model (Claude, Anthropic; version Opus 4.6) was used to assist inductive coding of the
charted data. All outputs were reviewed and adjudicated by the study team. Full details of its role, the
prompts used, and quality-control procedures are provided in the Supplementary Appendix.
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Figure 1

PRISMA 2020 flow diagram for scoping review of telehealth use in extreme weather events
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Figure 2

Telehealth strategies found to be paired with (a) individual patient vulnerabilities, (b) individual patient
impacts, and (c) healthcare system impacts. Line thickness is proportional to the number of pairings
found.
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Risk = (Probability x Vulnerability x Impact) / Resilience

Probability
Likelihood of adverse

evant occurring

N

Extreme Weather
Events
Hurricane
Wildfire
Extreme precipitation
Flood
Heat wawve
Snow/ice storm
Tornado
Drought

Vulnerability

Susceptibility to conseguences
from advarse event

Impact

Conseguences
of adverse event

Healthcare System

/Haal.thcare system capacity

Care continuity impacts

Social determinants of health
Digital divide
Geographic barriers
Medical complexity

.

\ Social isolation

Infrastructure Design Staffing shortages
Medical supply chain Facility and clinic closures
Staffing/workforce ED/EMS overwhelm
Infrastructure failure
Individuals

Acute illmess/trauma
Chronic disease exacerbation
Care continuity disruption
Medication impacts

Mental health impacts /

Figure 3

Framework for telehealth as a resilience mechanism to reduce health risks in extreme weather events.
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